This paper presents the first study on the measurement of tracking errors using daily figures for gold exchange-traded funds (ETFs) in China. Three methods are employed to measure tracking errors: 1) calculating the absolute error measure, 2) calculating the differences between the standard deviation of the benchmark index and the ETF, and 3) a regression analysis of empirical returns. In general, the results suggest that the tracking errors of these ETFs in China are lower than those of equitybased ETFs in Hong Kong, the US, and Australia. This study further applied two optimised replication portfolios (50-10-10-30 and 90-2-3-5) for a total of three types of simulation portfolio. The overall results suggest that the performances of the optimised replication portfolios were better than the performance of the full replication portfolio. Our results provide valuable insight for both institutional and retail investors and the opportunity for exposure to a wide range of commodity ETFs in China.
Introduction
The development of exchange-traded funds (ETFs) provides opportunities for both institutional and retail investors to be exposed to a wide range of asset classes. A bulk of the existing studies focuses on the tracking errors of equity-based ETFs using distinct approaches. Using S&P 500 Index data, Frino et al. (2004) examined the exogenous determinants of tracking errors and observed that such errors are significantly influenced by index revisions, share issuances, spin-offs, share repurchases, index replication strategy, and fund size. They also found a seasonal pattern in tracking errors, consistent with the finding of Frino and Gallagher (2001) . Chu (2011) studied the magnitude and determinants of ETF tracking errors using daily data on the Hong Kong stock market and found that the tracking error in Hong Kong is higher than those in the United States and Australia. Avellaneda and Zhang (2010) studied the price behaviour equity-leveraged ETFs in different sectors and found minimal one-day tracking errors among the most liquid equity ETFs.
Commodities are unique in part because physical assets cannot be stored easily owing to the extra costs for warehousing. Thus, futures-based commodity ETFs may fail to track their reference indices perfectly. The commodity is also counter-cyclical with stocks and bonds; studies observed that it is significantly negatively correlated with both bonds and equities, implying that an appropriate allocation to commodities enhances portfolio performance (Jensen et al., 2002; Fuertes et al., 2010) . Gold is often viewed by investors as a hedge against market turmoil. A typical example of this tendency is when the price of gold was pushed to an all-time high of US$1900 in August 2011 owing to the global financial crisis and European sovereign debt crisis at the time. 1 Although commodities, especially gold, are important both for risk hedging and for asset management, there are few studies of tracking errors in commodity ETFs. 2 The contribution of this study is to measure the tracking errors of commodity ETFs and use optimised way to replicate the return of commodity ETFs in China, from 05 Jan 2015 to 29 Feb 2016. To the best our knowledge, this study is the first to investigate all four existing gold ETFs in China. Existing studies paid more attention to equity-based ETFs in either the United States or European countries rather than in emerging countries. Following Pope and Yadav (1994) and Shin and Soydemir (2010) , this study employed three different approaches to estimate tracking errors in order to obtain robust results.
The rest of the paper is organised as follows. Section 2 presents the data sources and provides an overview of the development of commodity ETFs in China. Section 3 describes the empirical approaches used to estimate the tracking error. Section 4 discusses the empirical findings, and Section 5 provides the conclusions and some directions for future research.
The Development of Commodity ETFs in China
The development of gold ETFs enables investors to allocate some of their assets to gold without directly buying physical gold. Gold ETFs in China first emerged on 24 June 2013, developed by GuoTai Fund Management Company, and the country has since become the largest gold consumer in the world. The Shanghai Gold Exchange facilitates spot gold exchange. Table 1 shows that the trading volume of spot gold in China has significantly increased along with the trading amount, suggesting that investors have become more focused on gold investments, which, in turn, makes this study important and timely.
The commodity ETFs used in this study are HuaAn Gold ETF, GuoTai Gold ETF, Bosera Gold ETF, and E Fund Gold ETF. 3 The ETF prices were collected from the Wind Database, created by Wind Information Co., Ltd., a financial data provider in China. Since the commodity ETFs in China emerged later than those in developed countries, all four commodity ETFs track the gold spot price at the Shanghai Gold Exchange, which is also 1 Białkowski et al. [2015] investigated the gold price during these crises. 2 Some of these few existing studies are those by Murphy and Wright [2010] , Guedj et al. [2011] , and Leung and Ward [2015] . 3 Our dataset excludes the UBS SDIC Silver LOF (listed-open fund), first, because it has been traded for less than half a year, and second, LOFs differ from ETFs in some aspects, such as in the redemption mechanism. 
Empirical Methodology
This section reviews the possible sources of tracking errors and the methods for analysing such errors. The tracking error, ceteris paribus, is zero if the index fund perfectly aligns with the benchmark index. However, in practice, an ETF's performance in tracking the index is affected by a few factors, such as management fees and administrative/ operating expenses, different compositions of the index fund and the index, and trading costs. (Frino and Gallagher, 2001; Drenovak et al., 2014) . Thus, the tracking error is non-zero in practice, as was observed by many empirical studies (see for example, Murphy and Wright, 2010) .
Several articles explored important issues in tracking error measurement. Roll (1992) provided a criterion for analysing ETF performance. The approaches for tracking error estimation were well documented in the academic literature (e.g. Pope and Yadav, 1994; Shin and Soydemir, 2010) . This study employs three methods to measure the tracking errors. One of the traditional methods involves calculating the absolute error measure, which is defined as the average absolute value of the difference between the returns of the benchmark index and index fund. The measure can be described as follows:
where , represents the return of index fund f at time t, while , is the return of its underlying gold at time t.
The second method of tracking error estimation involves calculating the standard deviation of the difference in returns of the benchmark index and that of the ETF. The variance equation can be described as follows:
where t denotes the time period. , represents the return of index fund f at time t, while , is the return of its underlying (Gold) at time t. We can rewrite equation (2) as:
where
The third method of tracking error estimation involves a regression analysis of empirical returns, based on the following linear model:
where ~(0, 2 ) is the error term. The tracking error is defined as the standard error of equation (4). In the case of ETFs pursuing a passive investment strategy, is not expected to be statistically different from zero, while is not expected to be statistically different from one. A very high 2 is also expected.
Results
We begin with estimating the tracking error using the absolute error method (TE1). From Figure 2 , which presents the TE1 variation of all the gold ETFs, it is clear that the highest tracking error occurs on Jan 2015. For robustness, we used three samples according to time period-the full sample (Jan 2015-Mar 2016), a sample of only one year during the study period (Mar 2015 (Mar -2016 , and a sample only of the last six months of the study period (Sept 2015 -Mar 2016 . Table 2 reports the empirical results of the tracking error estimation using the three methods.
We first consider the full sample, that is, the sample for the entire study period. The daily tracking error based on the first estimation method (calculating the absolute error measure) (TE1) ranges from 0.0024% to 0.0273% across all ETFs. The daily tracking error based on the second method (calculating the standard deviation of return differences) (TE2) ranges from 0.0035 % to 0.05%. Meanwhile, the daily tracking error based on the third method (regression analysis of empirical returns) (TE3) ranges from 0.0027% to 0.0499%, and the coefficient of the benchmark index, as expected, is very close to one and the R^2 and is nearly 100%. The tracking error of the gold ETFs in China is generally lower than those of equity-based index ETFs in Hong Kong (0.39%), Australia (0.0074%), and the United States (0.039%) (Chu, 2011) . The measures from all three methods indicate that HuaAn Gold ETFs have the highest tracking error among four ETFs and GuoTai Gold ETFs have the best performance and the smallest tracking error.
Figure 2: Average Gold ETF Tracking Errors (TE1)
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.0020 For robustness, we also consider two other samples-one of only one year of the study period (Mar 2015 (Mar -2016 and another of only the last six months of the study period (Sept 2015 -Mar 2016 . TE1 is between 0.0032 and 0.0286 across all ETFs, TE2 is between 0.0034 and 0.0523, and TE3 is between 0.0028 and 0.0525. For the full sample period, the order of the ETFs in terms of the magnitude of the tracking error is the same when using the first two methods. However, the results of the third method (regression analysis of empirical returns) show that E Fund Gold ETFs, not GuoTai Gold ETFs, have the lowest tracking error. A similar situation is observed for the sample for the last six months of the study period-the results of the first two methods suggest that GuoTai Gold ETFs have the smallest tracking error, but the results of the third method show that E Fund Gold ETFs have the best performance. The study's results support Pope and Yadav's (1994) idea that if β is not exactly equal to one, the order of the ETFs in terms of the magnitude of the tracking error may be different. Pope and Yadav (1994) also pointed out that if the relationship between the benchmark index return and Gold ETF return is not linear, the third method may overestimate the tracking error.
Finally, currently in Shanghai, there are five firm contracts for spot gold trading: AU99.99, AU99.95, AU99.5, AU100g, and AU50g; this study uses AU99.95 as its base to construct one full replication portfolio and two optimised replication portfolios for a total of three types of simulation portfolios in order to test the empirical results. For the empirical comparison, the study uses one 95-5 full replication portfolio (95% spot gold and 5% cash), and two types of simulation portfolios: one optimised replication portfolio with a 50-10-10-30 composition (50% spot gold, 10% gold deferred settlement contracts, 10% cash, and 30% monetary funds), and another optimised replication portfolio with a 90-2-3-5 composition (90% spot gold, 2% gold deferred settlement contracts, 3% cash, and 5% monetary funds). These portfolios are structured in this way primarily because of current mainstream portfolio construction principles. The 95-5 composition of the full replication portfolio follows basic current market principles for ETFs, whereby the portfolio contains 95% of the physical product, plus 5% cash to respond to redemption application demand. For the 50-10-10-30 construction, the 10% ratio of gold deferred settlement contracts considers current investment fund companies' highest proportion of derivative default investments under an upper-limit scenario. The 90-2-3-5 construction considers the weighted results of the lower limit of an index fund's physical position and the security amplification effect. Because gold deferred settlement contracts may collect deferred payments, and their cost is associated with the number of contracts settled on a given day, when settlements are equal in number to those declared, no delayed compensation payments are made. When settlements are not equal in number to those declared, the side with fewer declarations makes delayed compensation payments to the side with greater declarations. The detailed data of daily settlement declarations are not obtainable and are relatively random; thus, when constructing portfolios, the effects of delayed compensation payments are not considered.
From the three scenarios described above, considering the full sample tracking errors (Table 3) , the 90-2-3-5 portfolio had significantly lower tracking errors than the two other portfolios. Considering annual tracking errors, the 90-2-3-5 portfolio had the smallest tracking errors and was the most stable. The 50-10-10-30 portfolio had relatively large annual tracking errors due to fluctuations resulting from the security amplification effect. From this perspective, the 90-2-3-5 portfolio was slightly better. 
Conclusion
ETFs have provided both institutional and retail investors with new opportunities to be exposed to a wide array of commodities. This study is the first to examine the measurement and determinants of tracking errors using daily data for gold ETFs in China from Jan 2015 to Mar 2016. The study's results show that the tracking error of gold ETFs is generally lower than those of equity-based ETFs in Hong Kong, the United States, and Australia. The results consistently indicate HuaAn Gold ETFs have the highest tracking error among all the four gold ETFs. The results also support Pope and Yadav's (1994) finding that the tracking error calculated from a regression analysis may differ from the standard deviation of return difference if the coefficient of the benchmark index is not exactly equal to one.
This study further applied an analysis of five types of gold target products to establish a full replication portfolio and two optimised replication portfolios (50-10-10-30 and 90-2-3-5) for a total of three types of simulation portfolio in order to test the empirical results.
The overall results suggest that the performances of the optimised replication portfolios were better than the performance of the full replication portfolio. Specifically, the 90-2-3-5 optimised replication portfolio having both the lowest tracking error and better performance than the 50-10-10-30 optimised replication portfolio in the event of shocks or a fall in the market.
These findings provide important information for investors, particularly in terms of the measurement of commodity ETFs in China. However, some limitations still remain. When testing the simulated portfolios, it was assumed: 1) there were no redemption applications for ETFs, 2) purchases were redeemed within each day for the ETFs, and, 3) an 'odd lot' issue existed when real purchase redemption assets could not be incorporated in whole integer multiples into the optimised replication simulated portfolio's gold deferred payment contracts and AU99.95 portfolios. This could lead to increases in tracking errors; thus, how to resolve the odd lot issue should be addressed in future research. This study's framework could be extended to investigate other types of ETFs, particularly, in the context of other countries, and to examine other determinants of tracking errors in commodity ETFs.
